CONCLUSION
The objective of treatment aims to child's normal neurological development. A proper selection of patients and a thorough diagnostic workup is of vital importance. When the endovascular treatment is performed, the primary aim is not a complete VGAM exclusion at one time, which could produce a sudden reversal of blood flow with consequent venous infarction and ischemia. The aim is therefore to occlude as much of the VGAM as needed to relieve the congestive cardiac failure, to gain time and to create the conditions for a normal maturation of the neurovascular system. With the use of endovascular techniques, which represent not only the first choice of treatment but also the only safe therapeutic modality, the natural history of VGAM and their risks may be avoided safely.
INTRODUCTION
The vein of Galen aneurysmal malformation (VGAM) is a rare arteriovenous malformation of the embryonic choroid plexus [1] . They represent about 30% of all paediatric neurovascular disorders [2, 3] . The VGAM is constituted by a midline dilated venous structure that receives blood from abnormal macroscopic or microscopic arteriovenous shunting vessels [4] . This pathology was first described by Raybaud as a malformation of the choroidal system draining into the median prosencephalic vein, which is the embryonic precursor of the vein of Galen [5] . The treatment of VGAM represents a big challenge. The therapeutic objective is to preserve the normal brain development without creating new neurological deficits. Anatomic exclusion of the lesion is therefore not always the goal, even though it may represent a technical success [1] . We present three cases of VGAM that were symptomatic in the early postnatal period. All three children presented with typical clinical manifestations and were treated with endovascular technique at the University Medical Centre in Ljubljana, Slovenia. The approval from the hospital Ethical committee was obtained for the study.
CASE PRESENTATION

Case 1
A male child was born in the 37 th wk of gestation. Soon after birth, he developed tachypnea, tachycardia and oliguria. Clinically, a low cardiac output and cardiomegaly were observed ( Figure 1A) . No past illnesses were documented in the new-born or mother and also personal and family history were unremarkable. The transfontanellar ultrasound (US) and a magnetic resonance imaging (MRI) demonstrated a 22 mm × 14 mm choroidal VGAM (Figure 1 B-E). The feeders originated from the posterior choroidal and pericallosal arteries, thus giving the characteristic persistent limbic ring ( Figure 1F ).
Case 2
A male child born in the 36 th wk of gestation with an Apgar score 10/10/10. Soon after birth, he presented with a heart murmur and progressive dyspnoea. No past illnesses were documented in the new-born or mother. Personal and family histories were unremarkable. During the physical examination upon admission, a progressive dyspnoea was evident and ascites was present. The chest radiography revealed a dilatation of the right heart ( Figure 2A ) and lung oedema. The MRI showed a 35 mm × 45 mm VGAM with main feeders arising from both posterior cerebral arteries, posterior communicating arteries, anterior choroidal arteries and callosomarginal arteries. The VGAM drained into a persistent falcine sinus (Figure 2 B and C). There was no hydrocephalus.
Case 3
A male child was born in the 37 th wk and presented with dyspnoea and oedema. After birth, a heart murmur was noted and the child developed a congestive heart failure.
No past illnesses were documented in the new-born or mother. The personal and family histories were unremarkable as well. During the physical examination upon admission, typical signs of congestive heart failure were observed with oedema and cyanosis. The imaging examinations included the transfontanellar US and the MRI. They have revealed the presence of a choroidal VGAM, which measured 26 mm × 30 mm. A mild ventriculomegaly was also seen. 
FINAL DIAGNOSIS
In all three new-borns that were treated at our medical centre, an aneurismal malformation of the vein of Galen was confirmed after the diagnostic follow-up and this was the final diagnosis.
TREATMENT
Case 1
An endovascular transarterial embolization was performed and the VGAM was partially occluded with seven coils ( Figure 1 G-I). Three months after the procedure the child presented with hydrocephalus, this was successfully treated with an endoscopic ventriculostomy.
Case 2
Endovascular treatment was performed on the 17 th d. The VGAM was excluded with 19 coils. Postoperatively, there was a clear amelioration of the heart function.
Case 3
The endovascular procedure was performed on the 15 th d of life. The VGAM was partially occluded and the MRI and MR angiography one year after the procedure showed no residual flow in the VGAM. Only a mild ventriculomegaly was present ( Figure 3A ).
OUTCOME AND FOLLOW-UP
Case 1
The MRI was performed 15 mo after treatment and it revealed almost complete thrombosis of the VGAM with a good venous drainage toward the sagittal, transverse and sigmoid sinuses (Figure 1 J-L) . At a follow-up of three years, the neurocognitive development of the child was normal. 
Case 2
The VGAM was closed successfully with the endovascular procedure. The MRI one year after treatment showed no residual flow through the VGAM ( Figure 2 D and E).
Case 3
At follow up, no neurological deficits were recorded. The child was developing normally. The MR angiography at the age of 4 years showed only a small flow through the VGAM and a normal flow in the posterior cerebral arteries and in the straight sinus ( Figure 3B ).
DISCUSSION
Embryology and angioarchitecture
Between the 6 th and the 11 th wk of intrauterine life, the arterial supply to the forming telencephalic choroidal plexus comes from the primary terminal branches of the internal carotid artery, while the venous drainage is directed toward the median prosencephalic vein. This vessel than regresses and form the two internal cerebral veins and, in its most caudal part, the vein of Galen. The failure of the regression of the median prosencephalic vein causes the formation of direct arteriovenous fistulae within the velum interpositum and the quadrigeminal cistern, where the vein is located. The median prosencephalic vein dilates and may reach a balloon size and the high flow into the fistula does not allow the normal dural sinuses to form [6] . The foetal venous structures persist, such as the falcine sinus, that connects the median prosencephalic vein to the superior sagittal sinus (Figure 2 B and C) .
The arterial supply of a VGAM involves the choroidal arteries and the other arteries that normally supply the tela choroidea and the quadrigeminal plate. More arterial feeders come from the subependymal vessels of the posterior circle of Willis. In half of the neonatal patients, this arterial angioarchitecture gives rise to a typical conformation of the persistent limbic arch (Figure 1F) , through which the pericallosal arteries bridge to the anterior choroidal and posterior cerebral arteries. Due to the haemodynamic disorder, the normal cerebral veins drain into unusual channels. The thalamostriate veins open into the subtemporal vein or into lateral mesencephalic vein [5] . The superior sagittal sinus and the torcular may be dilated and the venous blood is captured from the cavernous sinus, which than drains into the orbits, the pterygoid plexus and the inferior petrosal sinus. In the majority of older, chronic patients, the facial veins become also dilated and there can be an occlusion of the sigmoid sinus and jugular veins [4] .
Classification
There are two types of VGAM, the choroidal and the mural. The choroidal VGAM is seen in most neonates with a low clinical score, because of cardiac failure. It is supplied from all choroidal arteries and their branches that open into the enlarged venous pouch. All three children presented in this series had a high-flow, choroidal type of VGAM. The mural VGAM is better tolerated and is seen in infants without cardiac symptoms. It is formed from single or multiple direct AV fistulae within the wall of the VGAM. These two types of VGAM must be differentiated from the vein of Galen aneurysmal dilatation, which represents the dilatation of a normally developed vein of Galen, secondary to an outflow obstruction. These lesions arise in older children and adults and cause haemorrhages, seizures or focal neurological deficits [6] .
Natural history
Cardiac manifestations: While in utero the low resistance of the placental circulation competes with the cerebral arteriovenous shunt, soon after birth there is an abrupt increase in the flow across the fistula [6] . In the most severe cases up to 80% of the left ventricular output may be directed toward the brain. There is a parallel high flow through the pulmonary circulation and a pulmonary hypertension. This promotes the persistence of right-left shunts through foramen ovale and ductus arteriosus, and finally brings to cyanosis, tachycardia and respiratory distress [7] . The coronary artery flow is reduced, thus promoting to myocardial ischemia. The cardiac manifestations can range from asymptomatic cardiomegaly to severe congestive cardiac failure (CCF). This rapidly progressive disease worsens within the first three days of life. The medical treatment is based on low dose inotropic support and peripheral vasodilatation that improve the cardiac output [8] . CCF resolves spontaneously after a proper endovascular treatment of the VGAM. The absence of response to medical treatment is an indicator of poor outcome. The expected mortality in severe cases is almost 100% [8, 9] . The CCF was present in all three children treated from our institution. The natural course of this condition was rapidly progressive and successfully reversed after the endovascular treatment of the VGAM. Additionally, the CCF can also appear later in infancy, especially after a lung infection or a renal and liver dysfunction [8] .
Macrocrania and hydrocephalus:
Hydrocephalus can appear soon after birth or later in infancy, when it can represent the first revealing sign of a VGAM. In these situations it can cause irritability, alteration of consciousness and seizures.
Hydrocephalus is the result of the high pressure in the venous sinuses, which can reach levels higher than 30 cm H 2 O [10] . The venous sinuses and this situation results in hydrocephalus, cerebral oedema and hypoxia cannot normally reabsorb the CSF. The three patients in our series demonstrate three different courses of VGAM related hydrocephalus. In Case 1, hydrocephalus did not resolve after the treatment on the VGAM and was later resolved by an endoscopic ventriculostomy. Case 2 presented no hydrocephalus. Case 3 presented a mild ventriculomegaly, which resolved, once that the occlusion of VGAM restored the normal CSF absorption.
Dural Sinus occlusion and pial reflux:
In the VGAM, the efferent blood from the malformation is directed toward the embryonic falcine, occipital and marginal sinuses and not to the sigmoid sinus which remains thin. In chronic patients, it can be also occluded and consequently the VGAM drains directly within the pial venous system. This represents a high risk for haemorrhage and venous infarction. In the long term, this reflux causes a permanent insult to the brain. The most frequent consequences of a not properly treated VGAM are seizures and mental retardation. The typical MRI or computer tomography (CT) findings are diffuse calcifications and cerebral atrophy, giving the aspect of a ventriculomegaly [10] .
Management
When a neonate is diagnosed with a VGAM, the prognosis is determined by the Bicêtre neonatal evaluation score [1] . This score is based on clinical and radiological findings (MRI, EEG, transfontanellar US, cardiac US, chest X-ray and evaluation of renal and liver function). A score of less than 8 indicates a grave prognosis and no treatment is proposed. A score between 8 and 12 indicates the need for urgent embolization. A score between 12 and 21 indicates a more stable condition, which allows the postponement of the endovascular treatment to the age of five months. Treatment at that age is better tolerated and the risk of delay in brain maturation is still low.
When the endovascular treatment is performed in the neonate, the aim is not a complete VGAM exclusion at one time, which could produce a sudden reversal of blood flow with consequent venous infarction and ischemia [11] . The aim is therefore to occlude as much of the VGAM as needed to arrest the CCF, to gain time and to create the conditions for a normal maturation of the neurovascular system.
Infants and children, who present between the age of one month and two years, have usually a single fistula with a smaller shunt. The cardiac symptoms are mild or absent. They usually present with macrocephaly and hydrocephalus. The aim of treatment is to maintain the CSF-venous balance and to allow the development of normal brain. The ideal treatment of hydrocephalus is the proper embolization of the VGAM, which can restore the hemodynamic balance. A ventriculoperitoneal (VP) shunt should be avoided before the occlusion of the VGAM since it can worsen the cerebral venous hypertension [6] . It can be placed only later in the infancy, if the hydrocephalus and increased intracranial pressure does not resolve after embolization. Endoscopic ventriculostomy is today a good alternative to VP-shunting.
Older children and adults have usually a low-flow fistula and clinical and radiological signs of venous hypertension. These patients present with seizures, headache, developmental delay and focal neurological deficits. This situation represents an indication for endovascular treatment, to balance the VGAM outflow and the draining capacity of the posterior outlets veins.
Technical notes and strategies
The most used endovascular approach to VGAM is the transarterial path, using coils, cyanoacrylates or detachable balloons. The aim is to obtain a complete exclusion in the smallest possible number of sessions, considering the clinical stability of the child and the angioarchitecture of the VGAM. The transvenous route carries many complications, especially venous infarction and haemorrhage. There have been some attempts to treat the VGAM with stereotactic Gamma knife surgery, but the long-term result is not known. Indeed, the time required is too long for the developing brain to be acceptable. Payne reported a favourable outcome with Gamma knife surgery in 88.9% [12] . Alternatively, radiotherapy may be used when multiple residual fistulae remain present after the embolization [4] . Despite these good results, the endovascular treatment achieved so much success, that all other methods cannot be compared with it, especially in terms of the mortality rate [2] .
Follow up and results
The large series of endovascular treated VGAM by Lasjounas showed that an obliteration o less than 50% was achieved in 6.2%, an obliteration of 50 to 90% in 38.5% and more than 90% in 55%. Some slow flow demonstrated into the VGAM does not represent a significant risk for the child [1] . In his series, Lajounas reported that 74% of the survived children were normal at a long term follow up. The overall mortality rate was 10.6%, but most of these cases were the poor neonatal cases, that would not even be treated today, based on a Biĉetre score less than 8 [1] . In the meta-analysis of Yan, which included 34 studies and 667 patients with VGAM, all treated with endovascular techniques, the overall mortality was 10% and a good outcome was achieved in 68% [2] . A poor outcome was described in 31%. From a technical point of view, a complete occlusion was possible in 57% and a partial occlusion in 43%.
In our small series, none of the three children had a complete occlusion of the lesion during the early endovascular treatment, but in the long term, all three children experienced a favourable outcome, with almost complete thrombosis of the VGAM and the complete resolution of the venous hypertension. There was no need for multiple endovascular treatments, since some small amount of flow into the VGAM did not represent a risk.
All these results show that the natural history of VGAM has changed radically after the introduction of endovascular treatment. In the series of Johnston where all cases were treated surgically, the results were poor, with a mortality rate of 55.6%, which raised to 91.4% in the neonatal cases [13] .
CONCLUSION
The VGAM are vascular lesions of the infancy showing different characteristics and risks. A better understanding of the angioarchitecture, best timing of treatment methods and associated problems have increased the overall survival and the quality of life in these children. The patient selection is therefore important and the objective of treatment is a child's normal neurological development, with no deficits. The natural history of the VGAM has been changed by the use of endovascular techniques, which represent the first choice of treatment and an effective and often the only safe therapeutic modality.
